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ARTICLE XL 

NOTES UPON THE GEOLOGY OF SOME PORTIONS OF MINNESOTA, FROM ST. PAUL TO THE 

WESTERN PART OF THE STATE. 

BY JAMES HALL. 

Bead June 15. 1866. 



During the months of June and July, 1865, I had an opportunity of examining some 
parts of the State of Minnesota, the geology of which has not heretofore, so far as I am 
aware, been fully described or understood. 

After returning to St. Paul from an exploration of the St. Croix River, an occasion was 
offered of going out to the central and western parts of the State, to examine some reputed 
coal mines. This part of the country was beyond the limits of the settlements, and sup- 
posed to be subject to the incursions of hostile Indians. There were at that time, beyond 
the settlements, two ranges of stockades, about fifteen miles distant from each other, at 
each one of which were stationed a number of mounted men. Beyond these were scouts' 
camps ; the most westerly of which was at Lake Shetek, near the borders of Pipestone 
County. It was not deemed prudent to undertake the journey without an escort, and 
General Sibley, the commander of that military district, very kindly gave an order to Col. 
Pfaender, commanding ofiicer at Fort Ridgely, upon the Minnesota River, to furnish a 
mounted escort sufficient to protect the party in the journey west from the Minnesota 
River. Fortunately Mr. Ilenry Back, the chief of scouts, was at Fort Ridgely on our 
aiTival there ; and through the kindness of Col. Pfaender, he was placed in command of 
the escort. 

The geology from St. Paul westward to St. Peter is monotonous and barren of especial 
interest. Leaving the Lower Silurian limestones of the Trenton, Black River, and Birds- 
eye formations, we descend at Fort Snelling to the friable and often incoherent sandstone, 
denominated by Dr. D. D. Owen, St. Peter's sandstone, and which, in the western series, 
holds the place of the Chazy limestone in eastern localities. From this place to St. Peter 
we find exposed at intervals the Calciferous sandstone or Lower Magnesian limestone, with 
the Potsdam sandstone beneath, — while the surface is marked by accumulations of sand 
from the destruction of the St. Peter's sandstone above ; and there are at some points indi- 
cations of remaining outliers of the same rock. At St. Peter the second river-bottom, or 
terrace, is underlaid by the Lower Magnesian limestone, which is quarried for a building 
vor,. XIII. — 12 
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stone. Beneath this is the Potsdam sandstone, which is exposed at a few places. At one 
point on the southwest side of the river, there is still a little of the St. Peter's sandstone 
visible above the Lower Magnesian limestone. The valley of the river is occupied by the 
Lower Magnesian limestone as far as Mankato at the bend of the Minnesota, beyond 
which I have not seen the formation.* 

Taking the road from St. Peter to New Ulm, we ascend from the plateau over a slope, 
composed of northern drift with numerous boulders of crystalline rocks, to the level of the 
high prairie, which continues with moderate undulations and a few deeper ravines, nearly 
to the Minnesota River. Approaching within about three miles of the river along this 
road, there rises to the surface a reddish-brown crystalline rock, having a granitic aspect, 
but which when critically examined is found to consist mainly of quartz, or of quartz and 
feldspar, without the perceptible admixture of other minerals. 

The rock is cut vertically by numerous joints, the walls of which are sometimes sepa- 
rated or worn into wide, deep fissures. There are no distinct lines of stratification, and 
from its appearance on the prairie it would be difiicult to indicate either stratification, dip, 
or direction, to the mass. It continues with scarcely an interruption to the east bank of 
the Minnesota below New Ulm, at the Redstone Ferry. Here, under a more careful ex- 
amination, the true character of the rock is disclosed, and the top of the hill is found to 
be essentially a metamorphosed quartz rock, or conglomerate, succeeded below by a more 
compact quartz rock ; with some of the beds sienitic. This graduates below into a com- 
pact purple, and finally reddish quartz rock, in distinct layers, which soon become alter- 
nated with shaly seams. 

A section made from the river margin about a quarter of a mile below the Ferry, gives 
the strata shown on the opposite page in a descending order, from a point about 125 feet 
above the river. 

We have therefore an almost continuous exposure of the strata for more than one hun- 
dred feet in thickness. There is a distinct dip to the northeast,f which in the lower beds 
amounts to twenty or thirty degrees, while the general trend of the outcrop is to the west- 
ward or northwestward. 

We have here an opportunity for observing, in the most satisfactory manner, this inter- 
esting fact, — that while the lower beds of the formation are scarcely or not at all meta- 
morphosed (the lamination and alternations of soft shaly matter being as clearly defined 

* Dr. D. D. Owen, in his Geological Map, has colored Potsdam sandstone as far as the mouth of the Big Cot- 
tonwood Kiver; but this was probably the work of his assistants, who explored the Minnesota Kiver; and my 
own investigations do not confirm this view. 

t The dip, by the magnetic needle, is northeast by north j but making the allowance for variation, the true dip 
is about northeast. 
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as in any formation), the higher beds have nearly or quite lost all traces of their sediment- 
ary origin, and might readily be classed among "granitic uplifts or intrusions of meta- 
morphic rock." 

1. Heavy-bedded gray or reddish and whitish-gray 
coarse quartzite, with vertical joints and obscure 
lines of bedding. The weathered surface show- 
ing a conglomeratic character ; 30 ft. 

2. Thinner-bedded and fine-grained quartzites ; 
15 ft. 

3. A hiatus, slope covered by soil about 10 ft. 

4. Compact purplish crystalline quartzite, gradu- 
ating downward into more reddish quartzite; 
about 35 ft. 

5. Reddish quartzite in thin, sometimes slaty, lay- 
ers ; 10 ft. 

6. An irregular seam of red clay, (Jf 2 to 4 inches. 

7. Thinly laminated quartzite in alternating layers 
of 6 inches to 2 feet thick, each one separated by 
partings of shale or clay; the whole red and 
mottled, with yellowish- white surfaces, with rip- 
ple marks ; about 8 feet to bottom of quarry. 

8. Slope covered by talus and rubbish from quar- 
ry ; about 20 ft. 

9. Thinly lamrnated quartzite, which in some 
bands is brittle and friable ; layers all mottled 
with cream-colored spots or irregular stripes ; 
about 12 ft. 

The lower beds taken together are variegated ; but many of the layers throughout are of 
a deep brick-red color. In the higher part of the formation some of the beds for a con- 
siderable thickness are of a grayish-white, or as nearly white as such formations usually 
are. Still, however, the prevailing color of the mass is reddish-brown. 

Taking into account the rate of dip, which is probably a little less in the higher than 
in the lower beds, I estimate that the entire thickness of strata, visible above the river 
level to the point of disappearance beneath the prairie, is not less than fifteen hundred 
feet, and may be considerably greater than this.* 

Following the course of the river from New Ulra to Fort Ridgely, there are several ex- 
posures of reddish-brown "granite" or quartzites, which has been quarried in a few places, 
but I do not feel entirely sur.e of its connection with the rocks in the prairie or at the 
Ferry below. 

Proceeding westward from Fort Ridgely, I had no opportunity of seeing any other 
formation than the prairie for about thirty miles. At this point near where we crossed 




Estimating the thickness from the dip observed near the river level, it would be more than 3000 feet. 
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the Big Cottonwood River, there is an exposure of rock in the bank of the stream ; and 
at a short distance further on, some explorations had been made for coal, and a shaft had 
been sunk to the depth of more than one hundred feet. The materials thrown out of this 
shaft consisted of a dull greenish ai'gillaceous sand, with calcareous nodules, together with 
ii-regularly laminated sandstone containing vegetable remains. The order of deposits, as 
given to me by Mr. Morin, who superintended a part of the working, was as follows : 



^^^^^i^i 




1. Ironstone; 1 ft. 6 inches. 



— 2. Sand, clay, etc. ; 40 ft. 



3. Earthy coal ;* 1 ft. 8 inches. 

4. Sand, clay, etc. ; 3 ft. 

6. Sandstonein irregular and diagonally laminated layers, with sometimes calcareous concretions, 
and containing plant remains ; 5 ft. 

6. A calcareous sandy clay of variable color and character ; 20 ft. 

7. Sandstone in loose thin layers of three or four inches ; 4 ft. 

8. Clay with coaly seams near the bottom ; 16 ft. 

9. Clay ; 13 ft. 

10. Loose quicksand to bottom of shaft. 



In the river bank, at a quarter of a mile distant, and at a level 30 or 40 feet below the 
ground where the shaft began, there is the following exposure : 

1. Loose ironstonef in nodules and irregular concretions, more or less mixed with drift and pebbles ; 1-2 ft. 

2. Calcareous clay ; 6-8 ft. 

3. Earthy coal ; 8 inches. 

4. Clay as above coal ; 4 inches. 

5. Yellow or ferruginous sand and clay ; 3-3| ft. 

6. Ferruginous sandstone in irregular layers and diagonally laminated, to level of river; thickness unknown. 

This sandstone appears to be the same as that containing plant remains met with in 
the shaft ; and though I did not find plants in it at this point, I was informed that speci- 

* An analysis of this coal, by Prof. T. Sterry Hunt, gave the following resalts: 

Fixed carbon, 26.1 

Volatile matters, 25.7 

Ash, 48.2 100.0 



In the sections of strata near the mouth of the Redwood River, there is a stratum of similar earthy coal three 
feet thick. 

f This ferruginous layer does not appear to belong to the regularly stratified deposits, as it overlies, irregularly, 
the edges of the successive beds, and has been deposited after the denudation had taken place. 
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mens had been found there ; and at another place on the Cottonwood I found them to be 
quite common. Near the previous exposure, and partly from an old digging, I obtained 
a similar section. At still another point I noticed a similar exposure, leaving no doubt 
of the character and order of arrangement of the materials composing this formation. 

The character of the vegetation obtained from the sandstone of the shaft and elsewhere, 
resembling the leaves of Salix, Poplar, Liriodendron, Tupelo, etc., induced me to refer this 
formation to the Cretaceous period. A single indistinct shell was the only animal fossil 
I was able to obtain. The aspect of the calcareous concretions is similar to those from 
the Cretaceous formation of the Upper Missouri ; and the green argillaceous clay is like- 
wise similar. 

Leaving this place on the Cottonwood, we proceeded westward on the low prairie, 
crossing Mount Creek, going towards the sources of the Little Cottonwood ; when at a 
point ten or twelve miles from the place of the last examinations on the Big Cottonwood, 
we came to an abrupt elevation in the prairie, the upper part of which presented a verti- 
cal escarpment of red quartzite, which trends northwest and southeast, dipping to the 
southwest. The surface of the rock above was nearly destitute of vegetation over seve- 
ral acres, and presented a most beautiful exhibition of ripple-marked layers. On its 
higher exposed surfaces the rock is thinly bedded, and easily separated into laminae often 
an inch or less in thickness. In the larger exposures it is red, grayish, or mottled, and 
in all essential characters is similar to the lower beds at Redstone Ferry, on the Minne- 
sota. 

It is impossible to resist the conclusion that we have here the eastern outcrop of strata 
similar to those at Redstone Ferry, and which, dipping in opposite directions, have once 
been continuous across this interval of forty miles, originally forming a great anticlinal 
axis, which has been eroded to an unknown depth, and subsequently partially filled 
with the deposits of cretaceous and other modern formations. 

This outcrop, forming a sort of terrace, is the commencement of the Coteau des Prai- 
ries ; and I am informed by Mr. Back, the chief of scouts, that he has traced this rock, 
sometimes uninterruptedly, for twelve or fifteen miles, and that it is constantly rising to 
the northwestward. From the point where I stood, the course of the outcrop could be 
traced for many miles towards the northern limits of Iowa. Farther away to the north- 
west, the great table land of the Coteau des Prairies rises several hundred feet above the 
prairie on the east. 

I was also informed by Mr. Back, that the famous Pipestone locality presented an 
escarpment precisely like the one on which we stood, except that the strata were dipping 
to the eastward ; that the upper beds are hard and quartzose like those we examined ; and 
that the pipestone is at a lower level, of about eighty feet below the crest of the outcrop. 
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This offers a clear and unmistakable evidence of a rock of the same or similar formation, 
which I can have no doubt is the western outcrop of the synclinal axis which occupies a 
width of sixty or seventy miles. I was the more convinced of this after proceeding thirty 
miles to the westward as far as Lake Shetek, without any evidence of other geological 
formations except the prairie drift covering the quartzite. 

At this place I was so fortunate as to find a large quantity of pipestone, which had 
been brought from the original locality the previous winter, and I observed among this 
material a considerable variety of color and texture ; but in its red and mottled aspect, it is 
precisely similar to the softer portions of the rock at Redstone Ferry on the Minnesota. 
Were there no other information concerning the position of the pipestone, its exact resem- 
blance to the rock at Redstone Ferry would convince one of the identity in age of the 
formations in the two localities. 

Turning northeastward from Lake Shetek,* I explored the upper branches of the Cot- 
tonwood River, without finding any satisfactory evidence of other geological formations. 
Proceeding down the ri\er as far as Saratoga,! the locality of a former settlement, which 
is now abandoned and the buildings destroyed, I found no features of especial geological 
interest. From Saratoga we proceeded almost directly north to Sun Lake, and thence 
crossed the undulating prairie country to the Redwood River ; and thence down that 
stream to Redwood Falls. At intervals on the way we found evidence of the existence 
of the same green clay and sand formation as that observed upon the Cottonwood below 
the mouth of Mound Creek. At Redwood Falls a well has been dug, which penetrates a 
similar formation; and the water has the same disagreeable taste, and is charged no doubt 
with the same salts which render the well-water in that region unpalatable. The same 
or a similar formation crops out at several points near Redwood Falls. In these localities, 
the earthy coal, of a character similar to that on the Cottonwood before mentioned, has a 
thickness of nearly three feet. An exposure of the same on the land of Mr. Flynn below 

* The authority to be furnished with an escort had expressed the object to be for explorations upon the Cotton- 
wood Valleyjand I did not feel at liberty to go beyond Lake Shetek, though the men were very anxious to go to 
the Pipestone, and several of the scouts from the camp at Hurricane Lake and Lake Shetek volunteered to accom- 
pany us. It was therefore with great, regret that I abandoned the idea of visiting that famous locality. A few 
days later, it was ascertained that eighty lodges of the Yankton Sioux were encamped at the Pipestone quarry. 

I All the settlements, except those near the Minnesota River, were either destroyed by the Indians in 1862 or 
have since been abandoned. This place was named Saratoga in reference to some copious springs, one of which 
I examined and found to be a fine chalybeate water. I was informed of other saline or alkaline springs, but the 
time at my disposal, together with the caution then necessary to be observed in this region, prevented any exami- 
nations beyond those having relation to the general geological features of the country. 
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the village of Redwood Falls (which had lately been sold as a coal property), gave the 
following section : 



1. Prairie formation of sand and gravel, etc. ; 60-70 ft. 

2. Clay, varying from 4 to 6 or 8 ft. 

3. Sandstone ; 8 inches to 1 ft. 

4. Dark clay shale ; 2J ft. 



5. Sandstone ; 1 ft. 

6. Earthy coal ; 3 ft. 

7. Sandstone and cherty bed ; thickness unknown. 

8. Slope (talus) to river bed, about 70 ft. 



The formation in this neighborhood evidently lies in depressions in the older strata of 
the Gneiss and Granite rocks, which rise up to a higher elevation than the Cretaceous 
deposits. 



a. Gneiss and Granitic rocks of Lauren- 

tian age. 
h. Prairie formation. 

c. Clay, sand, and earthy coal. Cretaceous. 

d. Talus to the river level. 

At another place three miles 
south of Redwood. Falls, I saw 
outcrops of a similar formation 
at two localities a mile apart. 
The order in descending was 
as follows: 

1. Prairie formation ; 60 to 70 ft. 

2. Clay of variable thickness ; 3 to 5 ft. 

3. Earthy coal ; 3 ft. 




4. Cherty concretionary rock ; 4 ft. 

5. Talus ; 70 ft. 



Both at Redwood Falls and along the river below, as well as in the valley of the Min- 
nesota River above the mouth of the Redwood River, and upon the east side of the Min- 
nesota at the mouth of Beaver Creek, the rocks are of a gneissoid character, resembling 
those of the Laurentian system. In many places these rocks are intercalated by steatitic 
or glauconitic beds, and the entire mass is in a state of decomposition to the depth of 
eighty or one hundred feet. Notwithstanding the numerous exposures, I was unable from 
the debris of the decomposing surface (with the very limited time at my disposal), to de- 
termine satisfactorily the structure of this portion of the country. It would be of much 
interest to ascertain the relation which the dip and direction of these older gneissoid rocks 
bear to the succeeding quartzites, which evidently belong to the Huronian system. 

Returning again to the Minnesota River below New Ulra, I examined both the east 
and west banks of that stream. On the east side a little way above the Ferry, there 
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is a concretionary limestone of peculiar character, cropping out about fifty feet above the 
river level, and abutting directly against the outcropping edges of the quartzite, as shown 
in the section. 

a. Gray and reddish-gray quartzites, with 
obscure lines of bedding, and numerous 
vertical joints. 

b. Purplisl{ or reddish quartzites, becoming 
brick-red, and thinly laminated below. 

c. Concretionary limestone, horizontally 
stratified, and lying against the uplifted 
edges of the quartzites. 

d. Eed and variegated marls. 
R. River level. 

On the west side of the Minnesota, below or south of the mouth of the Cottonwood, I 
found a horizontally stratified red and variegated marl, with thin interrupted layers of con- 
cretionary limestone. 

1. Soil of bottom prairie ; 2 to 4 ft. 

2. Eed clay with calcareous concretions ; 4 ft. 

3. Red marly sandstone with calcareous concretions in continuous layers ; 10 ft. 

Half a mile below this point, on the farm of Mr. Winkleman, I obtained the following 
section : 

1. Soil of bottom prairie ; 2 to 4 ft. 

2. Concretionary limestone in irregular layers, with seams of clay or marl ; 10 ft. 

3. Greenish or red marl ; 1 ft. 

4. Heavy-bedded concretionary limestone ; 2 ft. 

5. Marl, green and reddish, with concretionary layers to river level. 

6. Continuation of red marls and concretionary limestone layers to the depth of 66 feet from the surface, as deter- 

mined in the digging of a well. 

A well dug at a little distance from the margin of the river, sixty-five feet deep, pene- 
trates the limestone and ends in the red marl and sandstone below the level of the river. 

The plateau or river bottom is about three-fourths of a mile wide, and comparatively 
very level. Beyond this the country rises in a pretty abrupt slope to the level of the 
high prairie. About five miles west of New Ulm, and seven or eight miles above the 
mouth of the Cottonwood, and where the river flows in a depression considerably below 
the level of the high prairie, I found the ferruginous sandstone,* with coaly matter in the 



* This locality was pointed out to me by Mr. Back, who has proved himself a good observer of the country over 
which he has travelled. 
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clay above it, and containing the remains of plants, as at the localities on the upper waters 
of the Cottonwood, thirty or forty miles to the westward. The rock was exposed for some 
ten or twelve feet, and I have no doubt but the same argillaceous and arenaceous beds 
which are found below it on the Upper Cottonwood, lie beneath it at this place, and will 
be found filling the interval between the sandstone seen here and the concretionary lime- 
stone at Winkleman's farm, in the following order : 

1. Clay and soil with earthy coal ; 4 ft. 

2. Ferruginous, irregularly bedded sandstone with layers of plants, etc. ; about 10 feet visible. 

3. Slope (covered) to bottom prairie, probably covering the soft clays and sands which are penetrated in the shaft on the 

Upper Cottonwood ; 60 ft. 

4. Level of bottom prairie ; 40 to 45 feet above the river level. Concretionary limestone with intercalated beds of marl ; 

13 ft. 

5. Red clays and marls with bands of concretionary limestone to river level. 

The question may recur as to the age of these lower beds, which possess a character so 
entirely unlike the greenish clays and sands of the formation of the Cottonwood valley. 
The color of the marls is similar to that of the lower exposures of the quartzite, being red 
or brownish- red, with spots and stripes of lighter color, giving a variegated aspect ; and 
the material was in all probability derived from the denudation of these ancient beds, 
which became more argillaceous in their lower members. 

The concretionary interrupted layers of limestone in the marl gradually give place to 
the heavy concretionary mass of limestone above, which is likewise interstratified with 
greenish and red marls. 

In the absence of organic remains, and without a knowledge of the immediately subja- 
cent strata, it would be injudicious to assign positively a geological age to these beds ; 
still, since they are apparently directly beneath the deposits which I have referred to the 
Cretaceous, I infer that they may be not older than the Triassic formation ; and probably 
the red marls and superincumbent limestones represent the interval from the close of the 
Palaeozoic deposits to the beginning of the Cretaceous period. 

This lower marl and limestone formation, as well as the clays and sands, together with 
the ferruginous sandstone bearing plant remains, occur on both sides of the Minnesota 
River from New Ulm northward ; and I have received information of the same series con- 
siderably to the southward of this point. The ferruginous sandstone was seen by Col. 
Pfaender near Fort Ridgely on the east side of the river ; and I have, since my return from 
there, been informed that he has found the earthy coal near the same locality. The 
formation is known to me as far north as the mouth of Beaver Creek ; and I believe it 
will be found to underlie much of the country on the east side of the Minnesota, and 
between that river and the Mississippi. 

VOL. XTIT. — 4.3 
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Without going farther into detail at the present time regarding the character and dis- 
tribution of these formations, we may, I think, deduce a few general conclusions respect- 
ing the geological structure of the country described. 

I conceive it to be sufficiently demonstrated that the quartzites at Redstone Ferry, on 
the Minnesota, — those near the sources of the Little Cottonwood, extending thence north 
and south, — together with those of the escarpments of Pipestone and of the streams flow- 
ing into the Sioux River, — are of the same age. These quartzites I regard as of the age 
of the Huronian formation of Canada, and the quartzites of Wisconsin. 

The eroded anticlinal is occupied, as far as we know, only by newer formations, from 
Redstone Ferry, near New Ulm, tp its opposite side, forty miles distant ; while at a point 
forty or fifty miles further north, the ancient Laurentian rocks appear in the bottom of 
this old erosion, and upon these the newer formations lie unconformably. 

A section across the country would present the following features, on looking to the 
northward, and proceeding from east to west : 

( Geological section from the Minnesota River at New Ulm to the western limit of the State.) 




a. Quartzites east of the Minnesota, at Bedstone Perry, dipping eastward. 

6. The outcrop of quartzites near the source of the Little Cottonwood, dipping to the westward. 

c. Tlie outcrop of quartzites at the Pipestone locality, dipping to the eastward. 
/. The place of the Pipestone stratum. 

d. The interval between a and b made by the eroded anticlinal, which is now occupied by Cretaceous and other modern 

formations, along this line.* 

e. The lower country to the west of the Pipestone locality, occupied by modern formations similar to d. 
E. Minnesota Eiver. E'. Sioux Eiver. 

The spage between the upper two lines of the section is intended to represent the prairie formation. 

The country between h and c is occupied by a synclinal axis of Huronian quartzites ; 
and we have the western margin of another similar synclinal at a. We have therefore 
in this apparently undisturbed region of country most satisfactory evidence that the more 
elevated portions are occupied by synclinal axes ; while the lower portions are the places 
of eroded anticlinals, as at d and e. 

The space between h and c is the southern extension of the Coteau des Prairies, which. 



* Note from Section. An east and west section forty miles to the north of this point shows the continuity of 
the Cretaceous formation interrupted by numerous prominences of the Laurentian gneiss. 
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in its northern prolongation, rises to the height of four hundred feet or more above the 
level of the prairie at its base ; and I have every reason to believe that the structure and 
character of the northern portion is similar to that farther to the south. 

I infer, moreover, that the high Coteau or Plateau, as represented on the maps between 
the James River and the Missouri River, will be found to be a synclinal of Huronian 
quartzites and other rocks of that period,* and that the modern geological formations of 
the valleys on either side are in eroded anticlinals. 

It has heretofore been supposed that the palaeozoic rocks extended into this part of Min- 
nesota ; but the existence of so large an area of Pre-silurian formations, and the relations 
of these rocks to the modern formations, would apparently preclude the extension of the 
older fossiliferous rocks in this direction. 

In offering this brief sketch to the scientific public, I can only regret that time and 
opportunity could not have enabled me to give a more complete exposition of this part of 
the country. The few facts observed, however, may serve to direct observation, and in 
some degree, perhaps, modify our views respecting the extent of certain formations. I 
deem it of some interest to have determined that these, often isolated, patches (usually 
called uplifts) of metamorphic quartz rock, with frequently a granitic aspect, have a struc- 
ture, stratification, dip, and direction, and that they may be incorporated in our maps in 
accordance to some system of geological and topographical expression. 

In making my investigations in the neighborhood of Redstone Ferry, I have been 
much indebted for kind attention and valuable information to Mr. Francis Baasen and 
Mr. C. T. Clothier, of New Ulm, who volunteered to accompany me to several interesting 
localities, which might otherwise have escaped my attention, and who gave me informa- 
tion of other points of interest which for want of time were not examined. 

* It has become very important in the study of the geological structure of the continent, particularly in its 
northern portions, to distinguish the highly crystalline rocks of the Huronian and Laurentian periods ; since their 
accumulation and foldings, and subsequent denudation, have given rise to a different topography for each one. 



NOTE. — The discovery of this great extension of the Cretaceous system to the north and northwest, combined 
with our previous knowledge of its distribution in the region farther to the west, induces the belief that the for- 
mation may at one time have been continuous ; and even now in some parts of the country, the easterly exposures 
of these strata may be connected with those further to the west. Again ; the extension of the Cretaceous deposits 
along the Mississippi Valley nearly to the mouth of the Ohio, and some beds of the same or a little later age in 
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the Ohio Valley, point to a former continuity of the formation over the ancient Mississippi Valley ; while some 
teeth of sharks, etc., found in the debris between the points indicated, help to sustain this view. 

The occurrence of supracarboniferous strata, containing the gypsum beds,* in the valley of the Des Moines 
River in Iowa, and which may be of Permian or Triassie age, or of both, suggests their synchronism with the red 
marls, marly sandstones, and limestones below the Cretaceous formation on the Minnesota River. 

The great amount of erosion and denudation which has taken place in this region, can scarcely be appreciated 
from the surface aspect of the country. We now know that these later formations were deposited in valleys of 
erosion, many miles in width and hundreds of miles in length. These formations in turn have been eroded in the 
most extensive manner, but the work of destruction has in a great degree been hidden, owing to the friable nature 
of the deposits, which left no bold escarpments or abrupt valleys ; but the whole has been toned down, with rare 
exceptions, to gentle undulations, and the surface covered by fine debris. 

The evidence of this destruction of the Cretaceous strata, such as characterize the Minnesota Valley, is shown 
by the vast accumulations of the prairie formation of Illinois, Iowa, and Minnesota, in many localities of which the 
cretaceous sands can be recognized but little changed; while the earthy ligniform coal of the same formation, 
already mentioned, is thickly scattered throughout the deep accumulations. 

* See Geological Report of Iowa, vol. i, part i (Report of A. H. Worthen, for 1856), page 175. Also pages 142-3 of same volume. 



